Cast in place concrete is often the cheapest solution in the context of conventional construction.
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EXPERIMENTAL PROGRAM
The next sections will describe the flexural tests on steel and concrete composite beams, performed in the Structures Laboratory at the School of Engineering of Sao Carlos, Brazil. This experimental program complements the experimental study presented by Diógenes et al. (2015) .
Specimens description and material properties
Four specimens of composite beams were manufactured using the R and RP-type connectors associated with precast slabs. The R-type and RP-type connectors were studied and assessed by Diógenes et al. (2015) with the objective of finding an easy way to produce shear connections in prefabricated elements and to adapt this new connection technology to the Brazilian market.
Considering that a plate similar to BRI 8/10 (the one used by Thomann (2005) and Papastergiou and Lebet (2014a)) was not available in the Brazilian market, alternative types of embossments were tested.
Each connector is characterized by the shape and size of its embossments. The R-type received a mechanical treatment: grooves oriented in 45 degrees in relation to the beam longitudinal axis, with 2 mm deep and 10 mm width, in order to improve the mechanism of shear stress transfer (Figure 3 .a).
A variation of the R-type connector was also proposed. The RP-type connector (Figure 3.b) results from the combination of two ideas, the Perfobond connector proposed by Leonhardt et al. (1987) and the R connector proposed by Thomann (2005) . It is intended that the holes can generate a "dowel effect" and increase the connector's strength.
The mechanical treatment was performed on the connector surface, and in addition, a roughness was designed in the concrete blocks in order to improve the transfer of shear stresses between the involved interfaces. Figure 4 shows the surface obtained on the reinforced concrete precast slab and presents the sequence of grouting process. More details about the connection surfaces are presented in Diógenes et al. (2015) For comparison purposes, two composite beam specimens employing RP-type connectors were also produced, using cast in-place slabs. Therefore, a total of six specimens were prepared for testing. The steel profile W360 x 44 was used to guarantee that failure occurred in the beam-slab connection and to maximize the shear stresses in the connection. The neutral axis of the composite cross section was intentionally located in the beam-slab interface level. In an analytical approach, according to the Brazilian code NBR 8800 (2008) The test results were analyzed in pairs, grouped for each type of analyzed embossment or slab type. Specimens VM-03, VM-04, VM-05 and VM-06 consist of a steel beam with an embossed straight connector (R type in VM-03 and VM-04 and RP-type in VM-05 and VM-06) welded on the top flange, assembled with a precast reinforced concrete slab (see Figure 2 .a). The connection between these elements is obtained by grouting.
The arrangement of reinforcement that was used in precast slabs, was also used in cast in place slabs i.e. with no overlapping of rebars through the connector (Figure 3 To produce the cast in place specimens, VM-01 and VM-02, a timber formwork was prepared and traditional methods of concreting were applied ( Figure 4 ). Table 2 summarizes the mechanical properties obtained during the caracterization tests performed on the materials used in the composite beams: HPM (high performance mortar) used in the grouting process, concrete for the slab, and structural steel for the metallic beams and connectors. More details about the manufacturing procedures associated with HPM can be found in (Diógenes et al. 2015) . The values of the reinforcement properties presented in Table 2 correspond to the nominal values provided by the manufacturer.
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Instrumentation and test procedures

FIGURE CAPTIONS
Eleven resistive transducers were used to measure slip, uplift and vertical displacement of the tested composite beams ( Figure 6 ). Slip and uplift measurements were taken in both sides of the specimens, at the support region. Vertical displacement was measured in the following positions:
at the mid-span, at 0.50 m distance from de mid-span, and near the supports. These last measurements were set to control some support displacement.
Strain gauges were positioned in the mid and thirds of span of all the tested specimens, as can be seen in Figure 7 .a and Figure 7 .b. It's noteworthy that, for the reinforcement bars, gauges were positioned just in the mid-span (Figure 7 .c).
RESULTS AND DISCUSSION
The next sections will describe the results obtained in flexural tests performed on steel and concrete composite beams and also the preliminary numerical study developed with the intention of supporting the experimental study.
It is to be noted that some of the VM-04' results are shown, but not all of them will be considered in the discussion, because this specimen suffered web crippling phenomena in the support region, caused by the absence of web stiffeners. In the remaining specimens, it was possible to use web stiffeners in the support region.
Preliminary numerical model
During the monotonic tests, the maximum load of the composite beam was measured and the yielding limit of the steel section was identified. In order to support the analysis of the experimental results, a preliminary three-dimensional numerical FEM simulation was developed using the computational package Fx + Diana ® v. 9.4.4 ( Figure 8 ).
Diógenes, Hidelbrando J. F., El Debs, Ana Lúcia H. C., . In the numerical model, the connection behaviour was simulated with a linear interface model. The linear interface model requires basically the tangential stiffness (Kt in N/mm³) and the normal stiffness (Kn in N/mm³) at the finite elements interface. Thus, to simulate a full interaction situation, an extremely high value of tangential stiffness is adopted, whereas in the opposite case, absence of interaction, a value close to zero was adopted for the mentioned parameter. The linear interface model chosen encompasses interfaces 01, 02 and 03 previously described in section 1.
The resistance of each composite cross section components (RC slab and I-steel beam) was estimated separately. The aim was to evaluate their strength levels in the following extreme situations: the complete absence of interaction between the cross section components (no interaction) and full interaction ( Figure 9 ). This evaluation was performed in order to guide the discussion related to the level of interaction provided by the connection proposed.
Failure modes
The results previously obtained in push-out tests, and reported in Diógenes et al. (2015) , indicate that in connections by adhesion, interlocking and friction, the beginning of rupture is a fragile and irreversible process, and a direct function of the slip value. In these tests, the behavior of the connection is usually evaluated by comparing the load applied and the slip measured at the interface between the concrete slab and the steel beam. It was observed that the post-peak phase of the load-slip curve is predominantly descendent, with a slip-softening evolution. The behavior is similar in all the connectors tested.
In the beam prototypes built with precast slabs, the connection damage begins when the vertical load applied is around 450 kN ( Figure 10 ). At this level of load, the slip between the interfaces is initiated ( Figure 11) As mentioned, the first tensile cracks appear on the concrete slab when vertical displacement in the beam mid-span is around 10 mm for specimens VM-01 and VM-02, and 5 mm for prototypes VM-03 to VM-06 (see Figure 10 and Figure 11 ). The initiation of cracking is possibly the limit at which the interaction of the composite section ceases to be complete, because damage in the shear connection occurs.
It should be noted that, according to Diógenes et al. (2015) , for a slip value of about 6 mm, the connection still has a load capacity of around 210 kN/m for the R-type connector and 245 kN/m for the RP type connector. This indicates that despite of the composite beam plasticizing, the connection still has strength, as can be noted by comparing Figure 9 and Figure 10 , where the maximum load obtained in the numerical model for the beam with null interaction is around 450 kN and the maximum load applied to the beams tested with precast slabs is around 600 kN.
It was not possible to detect a significant influence of the connector type, R or RP, on the slip evolution. In general, all specimens exhibited some asymmetry in the slip behavior, as one side of the specimen slides more than the opposite one.
It is noteworthy that, for specimens VM-01 and VM-02 (with cast in place slab), the beginning of slip is intertwined with damage on the beam-slab connection, followed by the beginning of the slab cracking and also the plasticization of the steel section. This damage in the shear connection is identified with a sudden loss of load capacity ( Figure 10 ) and a sudden increase of slip ( Figure   11 ), when the load applied is around 700 kN. Before the connection failure, there is a high degree of interaction on the composite section.
The comparison between Figure 9 and Figure 10 shows a full interaction situation for specimens VM-01 and VM-02 until the maximum load is attained. It also confirms that the sudden loss of load capacity results from damage in the shear connection. The identification of the connection residual strength is not possible, since no push-out tests with cast in-place slabs were performed in (Diógenes et al. 2015) , although it is probably higher than the one measured in specimens with precast slabs (VM-03, VM-05 and VM-06).
In a general way, it is understood that all specimens reached a high degree of damage on the composite section ( Figure 12 ). The concrete slab showed cracking near the force application point, with significant width, but without crushing the compressed region, and the steel beam achieved the plasticization without presenting localized modes of failure.
Maximum flexural strength and degree of interaction
The values of maximum load and flexural stiffness, obtained in the bending tests performed on composite beam specimens are presented in Table 3 . All the results refer to the beam mid-span.
The specimens with cast in place slabs, VM-01 and VM-02, present the highest load capacity.
Comparing the maximum load measured in VM-03, VM-05 and VM-06, it can be inferred that, the presence of the holes in the RP-type connectors did not influence significantly neither the flexural stiffness nor the load capacity of the specimens, although the use of RP-type connectors allowed higher vertical displacements, resulting in a more ductile behavior. This behavior can be verified by comparing the results presented in Table 3 and Figure 11 .
Slip at the beams' supports reached the highest values in specimens VM-03, VM-05 and VM-06.
The mentioned behavior is the result of a lower level of interaction between the steel beam and the concrete slab when compared to the cast in place specimens (VM-01 and VM-02).
As previously described, the numerical simulation presented in Figure 9 , associated with the results presented so far, indicate that the specimens with cast in place slab (VM-01 and VM-02) showed a full interaction at the composite section until the maximum load. On average, these prototypes attained a maximum load of 736.02 kN, which is close to the value obtained in the numerical simulation, considering complete interaction.
Therefore, if it is considered that the degree of interaction is a direct function of maximum resistance of the specimen, then the specimens with precast slabs (VM-03, VM-04, VM-05 and Table 3 to check values on maximum bending moment).
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CONCLUSIONS
The shear connection proposed in the presented work allowed all the tested beam specimens to achieve a composite section with high degree of interaction and an elevated strength.
The specimens with cast in place slabs (VM-01 and VM-02) present the highest load capacity. The numerical simulation performed and the experimental results indicate that the specimens with cast in place slab showed a full interaction at the composite section until the maximum load. On average, these prototypes attained a maximum experimental load that is close to the value obtained in the numerical simulation, considering complete interaction.
For the specimens with cast in place slabs, it can be inferred that there was not a complete interaction between the concrete slab and the steel section. In simplified terms, up to 76% of interaction was calculated, based on the experimental results measured.
This result is very relevant in the context of a connection exclusively obtained by adhesion, interlocking and friction.
Slip at the beams' supports reached the highest values in specimens with precast slabs. The mentioned behavior is the result of a lower level of interaction between the steel beam and the concrete slab when compared to the cast in place specimens. When comparing the maximum load measured in specimens fabricated with precast slabs (VM-03, VM-04, VM-05 and VM-06), it can be inferred that the presence of the holes in the RP-type connectors did not influence significantly neither the flexural stiffness nor the load capacity of the specimens, although the use of RP-type connectors allowed higher vertical displacements, resulting in a more ductile behavior.
The same result was previously obtained in push-out tests performed by Diógenes et al. (2015) .
However, the holes presence in the connector allows for the reinforcement passage when necessary. It has been previously demonstrated that the presence of transversal reinforcement is able to increase the connection strength and/or ductility ( (Valente & Cruz 2009 ), (Veríssimo et al. 2006 
